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I NTRO D U C TIO N
Head form has been of major interest to human biologists and anthropologists since Anders Retzius (1796-1860), a Swedish professor of anatomy, developed the cephalic index (CI) as a method of describing head shape in 1842. (1) The CI, which is derived by dividing maximum head breadth (eu-eu) by maximum head length (g-op) and multiplying the result by 100, gives the ratio of head breadth to head length. It is widely used not only to categorise human populations, but also to describe an individual's appearance and estimate the age of fetuses for legal and obstetrical purposes. (2) CI is also used in the investigation of normal brain development in children. (3) A previous study by Asha et al reported that three variables -CI, index of head size and morphological upper facial index -could accurately classify patients with Down syndrome. (4) Head form presumably reflects an aspect of brain size, i.e. the longest head length defining the greatest anterior-posterior diameter of the brain case and the widest head breadth representing the greatest transverse diameter of the brain case. If the brain case is short but relatively broader, the head is considered brachycephalic (round-headed), and if the brain case is long but relatively narrower, the head is deemed to be dolichocephalic (long-headed). An increase in CI indicates a tendency toward round-headedness.
In the last century, many researchers have used CI to describe the characteristics of head forms in different races all over the world. (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) In Japan, Suzuki reported the protohistoric Japanese population as long-headed and broad-faced with strong prognathism. (15) Subsequent researchers have also published studies on the CI of the Japanese. (16) (17) (18) (19) (20) (21) (22) (23) More recently, researchers, such as Hossain et al (23, 24) and Kouchi, (25) have studied secular changes in CI over time, attributing the increase in CI in the Japanese to an increase in head breadth. (23) (24) (25) More recently, Hossain et al have reported that the best predictor dimensions for face form among adult female Japanese students were head length (g-op), head circumference (g-g), head breadth (eu-eu), minimum frontal breadth (ft-ft) and head height (v-po). (26) This suggests that factors that contribute to changes in the anthropometric measurements of a population can be expected to influence the size and shape of the head of individuals in that population. However, information on the association between changes in general physical form and head form is still lacking. The aim of the present study was to investigate the relationship between anthropometric characteristics and the CI of adult male Japanese students.
Multiple regression analysis of anthropometric measurements influencing the cephalic index of male Japanese university students
M e Th O Ds
Cross-sectional data was collected from 1,215 healthy male Japanese students from several universities in Tokyo and
Kyoto from 1998 to 2001. All the subjects were of Japanese birth and ancestry, with representation from various districts of Japan. The age of the subjects at the time of measurement was 18-25 years (average 19.29 ± 0.98 years). Nine craniofacial measurements were taken: head length (g-op), head breadth
frontal breadth (ft-ft), bizygomatic breadth (zy-zy), bigonial breadth (go-go), and morphological facial height (n-gn) (Table I ). Stature and body weight were also measured. All the measurements were taken by one observer, using the technique described by Martin and Saller. (27) The CI was calculated from head breadth (eu-eu) and head length (g-op) as:
The sample used in the present study was divided into six groups according to head size: (i) hyperdolichocephalic In multiple regression analysis, an important assumption is that the explanatory variables are independent of each other, i.e. there is no relationship between the explanatory variables used to estimate ordinary least squares. However, in some applications of regression, the explanatory variables are, in fact, related to each other. This is called the multicollinearity problem. (28) In this study, the variance inflation factor (VIF) was used to check for the problem of multicollinearity among the predictor variables. The variance inflation for independent variables X j is:
where p is the number of predictor variables and R 
ResUlTs
For the parametric test, the CI was checked for normality using the Kolmorov-Smirnov test and found to be normally distributed.
Thus, the data used in the current study satisfied the standard assumptions of parametric tests. Since the CI was calculated from head breadth and head length, these two measurements were excluded from analysis.
Linear regression coefficients demonstrated that increasing mean values of minimum frontal breadth (ft-ft) (p < 0.01) and bizygomatic breadth (g-g) (p < 0.01) tended to coincide with the change of head form toward roundedness, whereas head circumference (g-g) showed a negative tendency (p < 0.05) (Table II) . The linear multiple regression model used was:
where CI is a response variable and other variables were predictors; St = stature (cm) and Wt = body weight (kg).
CI = Head breadth (eu-eu) × 100 Head length (g-op)
[1] Morphological facial height (n-gn) Nasion (n) Gnathion (gn)
The estimated model obtained was:
where St = stature (cm) and Wt = body weight (kg).
The VIF showed that there was no evidence of a multicollinearity problem among the predictor variables (Table III) .
Therefore, the important assumption of multiple linear regression analysis was satisfied in the data set. The coefficient of the regression line demonstrated a significant positive association between CI and minimum frontal breadth (ft-ft) (p < 0.01), bizygomatic breadth (zy-zy) (p < 0.01) and head height (v-po) (p < 0.05), while a negative relationship was found between CI and morphological facial height (n-gn) (p < 0.01) and head circumference (g-g) (p < 0.01) ( Table III) .
The coefficients and odds ratio of the logistic regression analysis showed that minimum frontal breadth (ft-ft) (p < 0.01) and bizygomatic breadth (zy-zy) (p < 0.01) were far more likely to predict round-headedness, while morphological facial height (n-gn) (p < 0.05), head circumference (g-g) (p < 0.01) and weight (p < 0.05) were less likely to do so. The odds ratio and regression coefficients showed that if an individual was round-headed, the probability of minimum frontal breadth (ft-ft) and bizygomatic breadth (zy-zy) would respectively be 8.1% and 23.4% higher than that for a long-headed individual, while the probability of morphological facial height (n-gn), head circumference (g-g) and weight would respectively be 99.0%, 56.0% and 97.0% lower than that for a long-headed individual (Table IV) .
The stepwise regression analysis showed that bizygomatic breadth (zy-zy) was included in the first step. An R 2 value of 10.44% indicated that there was a 10.44% reduction in the total variation of the CI due to the predictor variable, bizygomatic breadth (zy-zy). The second step included both the bizygomatic breadth (zy-zy) and head circumference (g-g), and the R 2 value of 23.17% indicated a 23.17% reduction in the total variation of the CI due to these two predictor variables.
The third step, which included bizygomatic breadth (zy-zy), head circumference (g-g) and minimum frontal breadth (ft-ft), yielded an R 2 value of 26.27%, indicating a 26.27% reduction in the total variation of the CI due to these three variables. Bizygomatic breadth (zy-zy), head circumference (g-g), minimum frontal breadth (ft-ft) and head height (v-po) were included in the fourth step, with an R 2 value of 26.75%, indicating a 26.75% reduction in the total variation of the CI due to these four variables. The fifth step included the previous four variables and morphological facial height (n-gn) with coefficient, which led to a 27.27% reduction in the total variation of the CI. The final step, which included the five variables in the fifth step and stature (St), led to a 27.63% reduction in the total variation of the CI due to these six variables (Table V) .
These results suggest that bizygomatic breadth (zy-zy), head circumference (g-g), minimum frontal breadth (ft-ft), head height (v-po) and morphological facial height (n-gn) were important anthropometric measurements that influenced the CI.
D I sCU s s IO N
Multiple regression, logistic regression and stepwise regression analyses were used in the present study to identify craniofacial measurements that influence the head form (i.e. CI) of adult male Japanese students. These statistical analyses demonstrated that most of the craniofacial measurements (except bigonial breadth)
were important factors influencing CI. The coefficients of the regression line showed a positive relationship between CI and minimum frontal breadth (ft-ft) and bizygomatic breadth (zy-zy), while a negative relationship was found between CI and morphological facial height (n-gn) and head circumference (g-g).
These results suggest that if an individual has larger minimum frontal breadth (ft-ft), bizygomatic breadth (zy-zy) and head height (v-po), as well as shorter morphological facial height (n-gn) and head circumference (g-g), the individual would also have a more rounded head form.
To the best of our knowledge, there are currently no comparable studies available that document the relationship between CI and other craniofacial measurements. Consequently, the present findings cannot be compared to those of other studies. However, there are previous studies (20, (23) (24) (25) that have reported the positive association of head breadth, and the negative association of head length, with CI. These results suggest that if head breadth increases and head length decreases, then the shape of the head (i.e. CI) would become more rounded. Although the protohistoric Japanese population has been known to be long-headed and broad-faced with strong prognathism, (16) there is now general agreement that the head form of recent Japanese adults is now brachycephalic. (19) (20) (21) (22) (23) (24) (25) 29, 30) Suzuki's findings concluded that the prevailing brachycephalisation in the Japanese population was due to a decrease in head length and an increase in the head breadth. (17) Ivanovsky (31) and Suzuki (32) have also suggested that the soft tissue structures overlying the cranial bones could have changed over time in response to better nutrition. This may have differentially affected the soft tissue component of head breadth more than head length, although evidence of this remains lacking. In our study, we excluded head length (g-op) and head breadth (eu-eu) from the analyses since the CI was derived from these two measurements.
The current study considered only anthropometric measurements to identify measurements that influence the head form of adult male Japanese students. Other external and internal factors, such as genetics, (6) environmental factors, (6, 33) dietary protein, (34) psychological and physiological stress, (34) medical facilities and care, (34) and natural climates, (13, 33, 35) have been proposed to potentially influenced head form. Other hypothesised factors that could potentially influence head form include heterosis, (36) socioeconomic status (37) (38) (39) and nutrition or diet. (40) Some researchers believe that the brachycephalic head form has been selected as a consequence of evolutionary forces. (9, 41) Presumably, the answer is multifactorial and consists of a combination of various factors. Therefore, more research is required. 
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